Vancomycin is frequently inappropriately prescribed, especially as empirical treatment. The aim of this study was to evaluate (i) the amount of inappropriate continued empirical vancomycin use as a proportion of total vancomycin use and (ii) the risk factors associated with inappropriate continued empirical vancomycin use. We reviewed the medical records of adult patients who had been prescribed at least one dose of parenterally administered vancomycin between January and June 2012, in a single tertiary care hospital. When empirically prescribed vancomycin treatment was continued after 96 h without documentation of betalactam-resistant Gram-positive microorganisms in clinical specimens with significance, the continuation was considered inappropriate, and the amount used thereafter was considered inappropriately used. We identified risk factors associated with inappropriate continued empirical vancomycin use by multiple logistic regression. During the study period, the amount of parenterally administered vancomycin prescribed was 34.2 defined daily doses (DDDs)/1,000 patient-days (1,084 prescriptions for 971 patients). The amount of inappropriate continued empirical vancomycin use was 8.5 DDDs/1,000 patient-days, which represented 24.9% of the total parenterally administered vancomycin used (8.5/34.2 DDDs/1,000 patient-days). By multivariate analyses, inappropriate continued empirical vancomycin use was independently associated with the absence of any documented etiological organism (adjusted odds ratio [aOR], 1.60 [95% confidence interval {CI}, 1.06 to 2.41]) and suspected central nervous system (CNS) infections (aHR, 2.33 [95% CI, 1.20 to 4.50]). Higher Charlson's comorbidity index scores were inversely associated with inappropriate continued empirical vancomycin use (aHR, 0.90 [95% CI, 0.85 to 0.97]). Inappropriate continued empirical vancomycin use represented 24.9% of the total amount of vancomycin prescribed, which indicates room for improvement.
W ith the aim of reducing vancomycin resistance, the Centers for Disease Control and Prevention (CDC) developed criteria for the appropriate use of vancomycin almost 2 decades ago (1) . Despite the presence of these well-established guidelines, it has been reported that the proportions of inappropriately used vancomycin range between 20% and 70% (2) (3) (4) (5) (6) (7) .
Determination of the appropriateness of vancomycin for specific treatment is unambiguous; it is considered appropriate for treating beta-lactam-resistant Gram-positive microorganisms, but it is inappropriate for beta-lactam-susceptible microorganisms unless the patient is severely allergic to beta-lactam antimicrobials (1) . Determination of the appropriateness of vancomycin for the prevention of infectious diseases is also unambiguous, because only prophylaxis for major surgical procedures involving implantation of prosthetic materials or devices at institutions that have a high rate of infections caused by methicillin-resistant Staphylococcus aureus (MRSA) or methicillin-resistant Staphylococcus epidermidis (MRSE) is considered appropriate (1) .
It is difficult to determine the appropriateness of empirical vancomycin use, especially in hospitals with a high prevalence of MRSA, because poor outcomes have been documented for patients with MRSA bacteremia for whom appropriate therapy was delayed (8) . Although the Infectious Diseases Society of America (IDSA) recommends empirical vancomycin use in several circumstances for patients with neutropenia (9) , continued empirical use of vancomycin for presumed infections in patients whose culture results are negative for beta-lactam-resistant Gram-positive microorganisms is considered inappropriate. In the guidelines of the CDC and the IDSA, it is strongly recommended that empirical vancomycin treatment be stopped when available culture results fail to reveal beta-lactam-resistant Gram-positive bacterial infections (1, 9) ; however, it is well known that empirical vancomycin use is inappropriately continued for a proportion of patients (2, 3, 10, 11) .
In our institution, methicillin resistance was noted for 58.3% and 70.0% of clinical isolates of S. aureus and S. epidermidis, respectively (12) . Because of the high prevalence of beta-lactamresistant Gram-positive bacteria, vancomycin is frequently prescribed empirically, especially for critically ill patients. We conducted this study in a university-affiliated hospital in which MRSA and MRSE are prevalent, to evaluate (i) the amount of inappropriately continued empirical vancomycin use as a proportion of the total amount of vancomycin used and (ii) the risk factors associated with the inappropriate continuation of empirical vancomycin treatment.
MATERIALS AND METHODS
We conducted this retrospective study at Seoul National University Hospital, a 1,600-bed, university-affiliated hospital (Seoul, South Korea), between January and June 2012. We reviewed the medical records of patients who had been prescribed at least one dose of parenterally administered vancomycin during the study period. We considered antimicrobial treatment before knowledge of the culture results, including the antibiogram, to be empirical. We included only patients who were at least 18 years of age. Two prescriptions for the same patient that were separated by 8 days or more were considered independent uses (10) .
When empirically prescribed vancomycin treatment was continued beyond 96 h after initiation without the documentation of clinically significant beta-lactam-resistant Gram-positive microorganisms from culture specimens, in the absence of severe allergy to beta-lactam antimicrobials, we defined the continuation as inappropriate, and the amount of drug used thereafter was counted as inappropriately used. The clinical significance of culture isolates was assessed by 2 independent infectious disease specialists. We chose 96 h as the criterion for determining whether the empirical vancomycin treatment was prescribed continuously because by 96 h physicians were able to obtain the results of microbiological examinations carried out when the empirical vancomycin treatment was first prescribed. We did not determine the appropriateness of empirical vancomycin use for the first 96 h of treatment. The amount of vancomycin consumed was recorded as the total grams of drug, converted into defined daily doses (DDDs) per 1,000 patient-days, in accordance with World Health Organization recommendations (13) .
We compared patients for whom vancomycin treatment was discontinued within 96 h in the absence of documentation of beta-lactam-resistant Gram-positive microorganisms in clinical specimens and those for whom vancomycin use was continued inappropriately beyond this time. We identified risk factors associated with the inappropriate continuation of empirical vancomycin treatment by multiple logistic regression. Patients who died within 72 h after the initiation of empirical vancomycin treatment were excluded from the analysis, because discontinuation of vancomycin use was presumably not intended by the physicians in those cases.
We collected variables including age, sex, duration of treatment, comorbid conditions, presence of neutropenia, azotemia, and/or any retained prostheses or invasive devices at the time of initiation of vancomycin treatment, suspected diagnosis for vancomycin use, intensive care unit (ICU) admission, admission department (medical or surgical), presentation with septic shock, consultations with infectious disease physicians (including the timing and frequency during vancomycin use), antibiotic treatment history within the previous month, presence of documented etiological organisms, 30-day mortality rate, length of stay after vancomycin initiation, and 90-day readmission rate. The severity of underlying conditions was assessed according to Charlson's comorbidity index score (14) . For patients admitted to the ICU, acute physiology and chronic health evaluation II (APACHE II) and simplified acute physiology score II (SAPS II) scores were calculated (15, 16) . The medical department included the departments of internal medicine, neurology, emergency medicine, and rehabilitation medicine. The departments of general surgery, orthopedic surgery, thoracic surgery, neurosurgery, otorhinolaryngology, urology, plastic surgery, and obstetrics and gynecology were classified as the surgical department.
Descriptive results for continuous variables were expressed as median values and interquartile ranges (IQRs) or as means and standard deviations (SDs), as appropriate. Differences in clinical characteristics were assessed by using the chi-square test and the Mann-Whitney test for categorical and continuous variables, respectively. A conditional backward stepwise logistic regression model was adopted to adjust for confounding variables and to identify factors associated with inappropriate continued use of vancomycin. Among the variables representing the severity of the patients' condition, only Charlson's comorbidity index scores were included in the multivariate analysis. We considered factors to be statistically significant when two-tailed P values were Ͻ0.05. Data analyses were performed using SPSS software (version 21.0; SPSS Inc., Chicago, IL). This study was approved by the institutional review board of Seoul National University Hospital.
RESULTS
During the study period, a total of 1,084 prescriptions of one or more doses of parenterally administered vancomycin were given to 971 patients. Among the 1,084 prescriptions, 18.5% (201/1,084 prescriptions) were for specific treatment of documented infections, 16 .5% (179/1,084 prescriptions) were prophylactic, and 65.0% (704/1,084 prescriptions) were empirical.
Beta-lactam-resistant Gram-positive microorganisms were documented for 192 of the 704 empirical prescriptions and were not documented for the other 512 prescriptions. In the latter cases, 32 patients (with 32 prescriptions) died within 72 h. We analyzed the remaining 480 prescriptions to identify risk factors associated with inappropriate continuation of empirical vancomycin treatment.
Vancomycin use was discontinued within 96 h in 39.0% of these prescriptions (187/480 prescriptions), but the drug was used continuously for Ն96 h in 61.0% (293/480 prescriptions) ( Fig. 1 ). During the study period, the total amount of parenterally administered vancomycin prescribed was 34.2 DDDs/1,000 patientdays. The amounts consumed for specific treatment, prophylaxis, and empirical treatment were 8.8 DDDs/1,000 patient-days (25.7%), 3.4 DDDs/1,000 patient-days (10.0%), and 22.0 DDDs/ 1,000 patient-days (64.3%), respectively. The amount of inappropriately continued empirical vancomycin treatment was 8.5 DDDs/1,000 patient-days ( Fig. 1) , which represented 24.9% (8.5/ 34.2 DDDs/1,000 patient-days) of the total amount of vancomycin used.
The demographic and clinical characteristics of patients for whom empirical vancomycin treatment was prescribed but betalactam-resistant Gram-positive microorganisms with significance were not documented in clinical specimens are listed in Table 1 . The median age of the patients was 61 years, and 59.6% were men. Patients with retained prostheses or devices accounted for nearly 50% of the subjects. The most frequent clinical reason for initiation of vancomycin treatment was pneumonia (90 prescriptions [18.8%]), followed by intraabdominal infections (81 prescriptions [16.9%]) and central nervous system (CNS) infections (70 prescriptions [14.6%]). Microbiological examinations to identify etiological organisms were performed for 462 prescriptions (96.3%), and the proportions with examinations did not differ between the two groups. Etiological organisms were more frequently identified in the group for which vancomycin use was appropriately discontinued (P ϭ 0.009). For 41 prescriptions (8.5%), the patients had received other antibiotics in the 30 days preceding the vancomycin prescription. An infectious disease specialist was consulted at least once for 186 prescriptions (40.0%). The mean time until the first consultation was 1.44 days, and 37 patients received consultations more than once. The time until consultation was significantly shorter for patients who adequately discontinued empirical vancomycin therapy (P ϭ 0.005).
By univariate analysis, patients with an underlying liver disease or azotemia or any prostheses or devices tended to appropriately discontinue empirical vancomycin therapy. Patients with sus-pected CNS infections (70 prescriptions [14. 6%]) tended to continue empirical vancomycin treatment inappropriately, whereas those with suspected intraabdominal infections (81 prescriptions [16.9%]) tended to discontinue empirical vancomycin treatment. Patients who had higher Charlson's comorbidity index scores or who were prescriptions to medical departments were more likely to appropriately discontinue vancomycin treatment. Patients with documented etiological organisms (137 prescriptions [28.5%]) tended to appropriately discontinue vancomycin therapy. By multivariate analysis, inappropriate continuation of empirical vancomycin treatment was independently associated with the absence of a documented etiological organism (adjusted odds ratio [aOR], 1.60 [95% confidence interval {CI}, 1.06 to 2.41]) and a suspected CNS infection (aOR, 2.33 [95% CI, 1.20 to 4.50]). Higher Charlson's comorbidity index scores were inversely associated with inappropriate vancomycin use (aOR, 0.90 [95% CI, 0.85 to 0.97]) ( Table 2) .
Thirty-day mortality rates and 90-day readmission rates were not significantly different for patients for whom empirical vancomycin treatment was discontinued appropriately versus continued inappropriately after 96 h. Patients for whom empirical vancomycin treatment was continued inappropriately were admitted for longer times than were those for whom empirical vancomycin use was appropriately discontinued (P Ͻ 0.001).
DISCUSSION
In this study, we found that the amount of inappropriately continued empirical vancomycin treatment represented 24.9% (8.5/ 34.2 DDDs/1,000 patient-days) of the total amount of prescribed vancomycin; there is thus room for improvement. The increased use of vancomycin has been associated with the development of drug resistance in Enterococcus species and S. aureus. In a metaanalysis, vancomycin use was associated with a 2.7-fold increased risk of vancomycin-resistant Enterococcus (VRE) acquisition (17) . An association between increased use of vancomycin and the emergence of vancomycin-intermediate-resistant S. aureus and vancomycin-resistant S. aureus has also been reported (18) .
The CDC has developed guidelines for the appropriate use of vancomycin, in order to reduce vancomycin resistance (1) . However, the CDC guidelines offer little guidance regarding the empirical use of vancomycin, particularly with respect to institutions in which MRSA is endemic. The prevalence of MRSA was lower when the guidelines were developed, but now it is as high as 30 to 50% in many countries (19) . Because of the association between delayed administration of adequate antibiotic therapy and poor prognoses for patients with MRSA bacteremia, the empirical use of vancomycin for suspected Gram-positive bacterial infections has been considered adequate by some researchers (10, 20) . The initial empirical use of antibiotics with activity against all likely pathogens for patients with sepsis, severe sepsis, or septic shock is recommended by the Surviving Sepsis Campaign (21) .
Antibiotic de-escalation is strongly recommended to minimize adverse events and the emergence of resistant microorganisms (22) . Although there has been no randomized controlled trial, de-escalation after the causative pathogen has been identified is recommended (23) . However, empirical vancomycin administration is de-escalated for less than 50% of candidates (4, 24) . Failure to follow the recommendation on de-escalation may reflect a lack of confidence in laboratory results, the possibility of unidentified pathogens, or the perceived absence of any need for de-escalation.
Factors associated with the inappropriate use of vancomycin have been evaluated in several studies (2, 10, 11, 25) . However, risk factors for inappropriate continuation of empirical vancomycin treatment are less frequently studied. A study by Junior et al., which analyzed inappropriate continuation of vancomycin therapy at 72 h after initiation, found that vancomycin use was continued due to critical clinical conditions, without the documentation of Gram-positive organisms, in over 50% of cases and related factors were age of less than 60 years, non-ICU admission, and the absence of neutropenia (2) . In our study, the absence of docu- mented etiological organisms, suspected CNS infection, and lower severity of comorbid conditions were independent risk factors for inappropriate continuation of empirical vancomycin treatment. Physicians tend to discontinue empirical vancomycin treatment when the etiological organism is identified and is susceptible to other antibiotics. However, they are reluctant to do so when the etiological organism is not identified (23) . De-escalation of empirical treatment with broad-spectrum antibiotics is recommended when the causative pathogen has been identified (21) . However, there are no specific recommendations for de-escalation when the causative pathogen has not been detected, and further research is warranted to investigate the benefits of de-escalation in such situations. We noted in this study that physicians tended to continue empirical vancomycin use inappropriately for patients with suspected CNS infections, especially postneurosurgical patients, who accounted for 67.1%. Physicians may be reluctant to discontinue vancomycin therapy considering the potential sequelae of CNS infections if they are insufficiently managed.
Interestingly, patients with higher Charlson's scores tended to have vancomycin use discontinued more appropriately than did patients with lower scores. The severity of infection, represented by septic shock, showed the same tendency, which is in contrast to the report that inappropriate empirical vancomycin prescriptions were more frequent for patients who were not admitted to the ICU, compared with those who were admitted to the ICU (2). Although we are unable to account for this, we think there is a possibility that patients with more-severe infections are likely to be more thoroughly evaluated to seek definitive therapy, rather than continuing empirical vancomycin treatment in the absence of any definite benefit.
It is difficult to dissuade physicians from prescribing vancomycin empirically for critically ill patients in a hospital with a high prevalence of MRSA or MRSE. Some interventions to increase the appropriateness of continued empirical vancomycin use at 72 to 96 h would be sensible and helpful in reducing the amount of vancomycin prescribed, considering that inappropriately continued vancomycin use makes up one-quarter of the vancomycin prescribed. The safety of vancomycin discontinuation in the absence of documented MRSA has been suggested by multiple studies (26, 27) , and Hamilton et al. showed that a continuation form at 72 h was effective in reducing inappropriately continued vancomycin use (24) . In cases of suspected ventilator-associated pneumonia, antibiotic discontinuation strategies based on clinical criteria were successful in safely reducing antibiotic treatment duration (28, 29) . However, only studies of a quasi-experimental design, providing low-quality evidence, have been reported to date, and further studies with high quality are needed.
Our study has several limitations. First, we focused only on evaluating the appropriateness of continued empirical vancomycin use, and we did not determine the overall appropriateness of vancomycin treatment. We did not determine the appropriateness of the empirical vancomycin use for the first 96 h after the initiation of treatment because that could be ambiguous in hospitals in which MRSA is prevalent. Second, the 96-hour window might have reduced the proportion of inappropriately prescribed vancomycin, in comparison with the 72-hour window in preceding studies. Third, due to the retrospective nature of this study, there might have been unidentified confounding factors for the inappropriate continued use of vancomycin. In conclusion, inappropriate continued empirical vancomycin use represented 24.9% of the total amount of vancomycin used and was independently associated with the absence of documented etiological organisms, suspected CNS infections, and lower severity of comorbid conditions.
